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(57) ABSTRACT

In a large-scale integrated circuit, a scan path 1s divided
between an I/O scan path that 1s formed by a series con-
nection between only tlip-flops that are 1n a region near an
I/O pin and an mternal scan path that 1s formed by a series
connection between other flip-tflops. A selector has one of its
inputs connected to another end of the I/O scan path and to
onc end of the internal scan path, another of 1ts inputs
connected to another end of the internal scan path, and its
output connected to a scan out. This selector, based on a test

mode signal, selects either all scan paths or only the I/O scan
path.
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LARGE-SCALE INTEGRATED CIRCUIT AND
METHOD FOR TESTING A BOARD OF
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a large-scale integrated
circuit and a method of testing a board thereof, and more
particularly to a large-scale integrated circuit, the structure
of which has flip-flops that are serially connected, and a
method of testing a board using a scan path.

2. Description of the Related Art

As 1s widely known, 1n recent years there has been a rapid
increase 1n the scale of large-scale integrated circuits. A shaft
from bipolar large-scale integrated circuits designed with
emphasis high speed to CMOS (complementary metal-oxide
semiconductor) large-scale integrated circuits, which enable
a high degree of integration and parallel processing forms
the backdrop for this increase in the scale of large-scale
integrated circuits.

Other factors include the achievement of high-density
printed circuit boards that enable blind vias, and a shift away
from quad flat packages, in which the electrical connections
between a printed circuit board and a large-scale integrated
circuit are made by means of a line of connections on each
of four sides around a case of the large-scale integrated
circuit, in favor of a PGA (pin grid array) or BGA (ball grid
array), in which electrodes are arranged in a matrix imme-
diately beneath the large-scale integrated circuit, thereby
enabling the accommodation of a large number of pins.

With the appearance of high-density large-scale inte-
orated circuits, 1t has become difficult to generate a test
pattern suitable for board-level testing of a printed circuit
board after large-scale integrated circuits have been
mounted to the board, and the time required for test pattern
generation has mcreased.

Along with these changes, the scan path length has
increased and an amount of the test patterns has been
increased, thereby causing an increase 1n the test time.

A 1ull scan path 34, as shown 1n FIG. 3, 1s an example of
an casily testable circuit for the purpose of solving the
above-noted problem.

The full scan path 34 is the series connection of all the
flip-flops 32 and flip-tlops 32' that originally existed within
the large-scale integrated circuit 31, regardless of whether or
not they exist 1n the region of the input/output pins 33, test
data being scanned in and out via the scan 1n 35 and scan out
36, thereby enabling to set an arbitrary internal condition
thereof from outside the device, or to withdraw the internal
condition therefrom and to perform observation thereof, at a
certain point 1n time, 1t 1s easy to divide the internal circuit
of the large-scale integrated circuit 1 and generate a test
pattern therefor.

By employing a test that uses the full scan pattern 34, it
1s not only possible, of course, to test the functions of the
large-scale mtegrated circuit 31, but also to perform tracing
so as to 1dentify what constituent component thercof has

failed.

The full scan path 34 1s simple, 1n that it can be generated
in a single operation by the ATPG (automatic test pattern
generator) of a CAD (computer aided design) system, with-
out making a distinction with regard to mndividual tlip-tlops
of the circuit.

However, with circuit scale being large, data generation
fimes have become unrealistic and failure analysis proce-
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2

dures have become excessively deep, thereby imposing a
limit on the failure detection rate that can be achieved 1n
finite amount of time.

As shown 1n FIG. 4, there 1s a boundary scan path 47 that
1s used to achieve an easily testable circuit, this taking notice

of only the connections between the large-scale integrated
circuit 41, 41.

The boundary scan path 47 1s the series connection of not
only the circuitry parts (the part 49 that is outside the scope
of the simulation, which includes the flip-flops 42) that are
originally part of the large-scale integrated circuit 41, but
also dedicated boundary scan 48 which 1s disposed 1n the
region of the I/O pins 43 of the large-scale mtegrated circuit
41, this being connected 1n series.

The boundary scan 48 i1s formed by such parts as a test
data register that includes, for example, a scan register that
1s disposed 1 parallel with the 1input/output register, a TAP
controller that receives a test command from a test access
port and performs control of the execution of a series of
procedures, a multiplexer that switches the routing of data
between the scanning mode and the actual operating mode,
and a decoder for test operating commands.

A board test that employs the boundary scan path 47 has
become an IEEE Standard and, because test commands and
the transitions between the states thereof have become
standardized, from the standpoint of test development and
test data generation, efficiency 1s achieved, without the need
for each board test supplier to develop and understand a
different language.

However, from the standpoint of the board producer, that
1s, the developer of the large-scale integrated circuit 41,
because 1t 1s necessary to devote 5% to 10% of valuable real
estate within the large-scale 1ntegrated circuit to the purpose
of testing, to achieve the desired circuit scale, it 1s necessary
to have a large-scale integrated circuit 41 that is even larger,
this increase in size causing an increase 1n delay times.

In the above-noted prior art, as a result of dramatic
advances 1n the level of integration of LSI devices over those
of the past, merely performing circuit division using a full
scan path or a boundary scan path resulted in an increase in
the size of the circuit, which 1s an object circuit for simu-
lation procedure, and which led again to an increase 1n the
time required to generate test pattern.

An addition problem 1s that, at the board level, the scan
path length becomes long, thereby causing an increase in the
test time.

If main object of a board-level test 1s the verification of
connections between LSI devices, there 1s the problem that
most parts of the generated test pattern do not contribute to
the achievement of this object.

Accordingly, an object of the present invention 1S to
provide a large-scale integrated circuit that has a scan path
(hereinafter referred to as an I/O scan path) that is formed by
a selective serial connection between only flip-flops each of
which 1s 1n a region near the respective I/O pins of the LSI
circuit (including those that are not directly connected to I/0
pins but are rather connected thereto via several stages of
logic), thereby enabling a shortening of the time required to
ogenerate a test pattern, and a shortening of the time required
for the test time 1n board level test.

Another object of the present invention 1s to provide a
board test method which facilitates the verification of con-

nections between LSI circuits that are provided with an I/0O
scan path, 1n easy way.

In order to achieve the above-noted objects, a large-scale
integrated circuit according to the present invention has a
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[/O scan path formed by the selective serial connection of
only flip-tflops that are 1n a region near I/O pins thereof.

Additionally, an LSI circuit according to the present
invention 1s one having a structure that has a scan path of
flip-flops connected 1n series, this scan path being divided
between an I/O scan path 10 of the series connection of only
flip-flops that are 1n a region near I/O pins and an internal
scan path 11 of other flip-flops connected i1n series, and
which also has a selector that selects either all the paths of
the scan paths or only the paths of the I/O scan path.

Additionally, a large-scale integrated circuit according to
the present invention 1s one having a structure that has a scan
path of flip-flops connected 1n series, this scan path being
divided between an 1I/O scan path 10 of only tlip-flops that
are 1n a region near I/O pins and an 1nternal scan path 11 of
other flip-tlops connected in series, the above-noted LSI
circuit also having a selector, one 1nput of which 1s con-
nected to another end of the above-noted 1/O scan path and
to one end of the above-noted internal scan path, the other
input of which 1s connected to the other end of the above-
noted internal scan path, and the output of which i1s con-
nected to a scan out, this selector, based on a test mode
signal, selecting either all scan paths or only the above-noted
I/0 scan path.

Additionally, a large-scale integrated circuit according to
the present invention 1s one having a structure that has a scan
path of tlip-tlops connected 1n series, this scan path being,
divided 1nto an I/O scan path of only flip-flops each of which
1s 1n a region near the respective I/O pins, and an internal
scan path of flip-flops other than those as afore-mentioned,
connected 1n series, the above-noted LSI circuit also having
a selector, one mput of which 1s connected to a scan 1n and
one end of the above-noted internal scan path, the other
input of which 1s connected to the other end of the internal
scan path, and the output of which 1s connected to one end
of the above-noted 1I/0 scan path, this selector, based on a
test mode signal, selecting either all scan paths or only the
above-noted 1/0 scan path.

In yet another form, a large-scale according to the present
invention 1s one having a structure that has a scan path of
flip-flops connected 1s series, this scan path being divided
into an I/O scan path of only tlip-tlops each of which 1s 1n
a region near the respective I/0 pins, and a first and second
internal scan paths of flip-flops other than those as afore-
mentioned, connected 1n series, the above-noted LSI circuit
structure also having a first selector, one input of which is
connected to a scan 1in and to one end of the first internal scan
path, the other 1input of which 1s connected to the other end
of the first internal scan path, and the output of which 1is
connected to one input of the I/O scan path, and a second
selector, one 1mput of which 1s connected to the other end of
the above-noted I/O scan path and one end of the second
internal scan path, the other input of which 1s connected to
the other end of the second internal scan path, and the output
of which 1s connected to the scan out, wherein based on a
test mode signal, the second selector 1s switched, so as to
select either all scan paths or only the above-noted 1/0 scan
path.

Additionally, an LSI circuit according to the present
invention 1s one having a structure that has a scan path of
flip-flops connected 1n series, this scan path being divided
into a first and scan I/O scan paths of only flip-flops that are
in a region near I/O pins, and an 1nternal scan path of other
flip-flops connected 1n series, and a selector, one nput of
which 1s connected to the other end of the first I/O scan path
and one end of the internal scan path, the other input of

10

15

20

25

30

35

40

45

50

55

60

65

4

which 1s connected to the other end of the internal scan path,
and the output of which 1s connected to one end of the
second I/O scan path, this selector, based on a test mode
signal, selecting either all scan paths or the above-noted I/0
scan path.

A method of board testing according to the present
invention i1s one whereby connections are made between 1/0
pins of a plurality of LSI circuits that have an I/O scan path
of flip-flops 1n each one of a region near the respective 1/0
pins connected 1n series, test data 1s scanned into and
scanned out of each of the LSI circuit I/O scan paths, and
data 1s sent and received between the 1I/0 scan paths, so as
to perform a verification of connection between the LSI
circuits.

Additionally, a method of board testing according to the
present invention 1s a method for testing LSI circuits having
a structure that has a scan path of flip-flops connected 1n
series, wherein 1n the above-noted LSI circuits the above-
noted scan path 1s divided into an I/O scan path of only
flip-flops 1n each one of regions near the respective 1/0 pins
connected 1n series and an internal scan path of other
flip-flops connected in series, whereby connection i1s made
between I/0 pins of a plurality of LSI circuits, a selector 1s
employed to select only the I/O scan path, test data is
scanned 1n and out through each of the 1/O scan path of the
LSI circuits and data 1s sent and received between the I/0
scan paths, so as to perform a verification of connection
between the LSI circuits.

Additionally, a board testing method according to the
present 1nvention 1s a method of testing a board of LSI
circuits having a structure that has a scan path of flip-flops
connected 1n series, the above-noted scan path being divided
into an I/O scan path of only flip-flops 1n each one of regions
near the respective I/O pins connected 1n series and an
internal scan path of other flip-flops connected 1n series,
whereby connection 1s made between the I/O pins of a
plurality of LSI circuits, a testing mode signal being applied
from the outside, thereby causing a selector to select only the
I/O scan path, test data being scanned into and out through
the I/0O scan path of each LSI circuit, and data being sent and
received between the I/O scan paths, so as to perform a
verification of connections between the LSI circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a drawing that shows the 1nternal configuration
of an LSI circuit according to the first embodiment of the
present 1nvention, and the associated board testing method.

FIGS. 2(a), (b), and (c¢) are drawings that show examples
of forms of connections between scan paths of an LSI circuit
according to the second embodiment of the present mven-
tion.

FIG. 3 1s a drawing that shows an example of a full scan
path 1n a easily testable circuit in the path.

FIG. 4 1s a drawing that 1llustrates a boundary scan path
that 1s devised to simplily testing by noting only the con-
nections between LSI circuits in the past.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described 1n detail below, with reference being made to
relevant accompanying drawings.

FIG. 1 1s a drawing that shows the 1nternal configuration
of an LSI circuit 1 according to the first embodiment of the
present invention, and the form of connection for the pur-
pose of executing a board test thereof.
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The LSI circuit 1 according to this first embodiment of the
present invention has a configuration that includes an 1/0
scan path 10 that 1s formed by the series connection of only
flip-flops 2' that are 1n the region 1n the vicinity of the I/0
pins, another scan path (hereinafter referred to as an internal
scan path) 11 formed by the series connection of other
flip-flops 2, and a selector 12 that selects either all scan paths
(i.., the I/O scan path 10 and the internal scan path 11) or
only the I/O scan path 10.

In FIG. 1, the reference numeral 9 denotes the part of the
circuit that 1s not subject to a stmulation at the time of board
testing using the I/O scan path 10, this being referred to
hereinafter as the non-simulated circuitry.

The I/O scan path 10 has one end connected to the scan
in 5 and the other end connected to one 1nput of the selector
12 and to one end of the internal scan path 11.

The i1nternal scan path 11 has one end connected to the
other end of the I/O scan path 10 and to one input of the
selector 12 and the other end connected to the other mnput of
the selector 12.

The selector 12 has one input connected to other mput of
the I/O scan path 10 and to one end of the internal scan path
11 and the other mput connected to the other end of the
internal scan path 11, and has its output connected to the
scan out 6 and, 1n response to a test mode signal, selects
either all scan paths (i.e., the I/O scan path 10 and the
internal scan path 11) or only the I/O scan path 10.

When performing a board test of the LSI circuit 1,
connections are made between I/O pins 3, 3, . . . of the LSI
circuits 1, 1 . . . and a test mode signal 1s from outside, so
as to cause the selector 12 to select the 1/0 scan path 10 only.

Then test data 1s scanned 1n and out with respect to the I/0
scan path 10 of each of the LSI circuits and data sent and
received between the I/0 scan paths 10, 10, . . . thereot, so
as to perform a verification of the connection between the

LSI circuits 1, 1.

In the board test, since the main object 1s to perform a
verification of connection between the LSI circuits 1, 1, the
non-simulated circuitry 9 1s eliminated from the simulation
model used to generated test patterns.

Thus, it 1s possible to generate a test pattern using a
small-scale simulation. Also, by reducing the test patterns, it
1s possible to reduce the amount of test time required.

In contrast to this embodiment of an LSI circuit according
to the present invention, in which, of the originally existing
flip-flops 2 and 2', for example, selective connection 1s made
only of the flip-tlops 2' that are near the I/O pins 3, 1n the
boundary scan 47, which 1s shown in FIG. 4, separate from
the originally existing flip-tlops 42 and 42', a boundary scan
47 formed by boundary scan cells 48 must be provided as a
dedicated circuit for the purpose testing. Using the LSI
circuit 1 according to this embodiment of the present
invention, however, a flip-flops 2' for the purpose of holding
calculation data 1n logic circuitry or establishing synchro-
nization 1s provided in a region near the I/O pins 3, so that
without having to specially provide flip-flops for the purpose
of facilitating testing, 1t 1s possible avoid an increase 1n delay
by making use of the already-provided flip-tlops 2'.

Next, the operation of an LSI circuit 1 according to the
first embodiment of the present mvention will be described,
with reference being made to FIG. 1.

When the LSI circuit 1 operates, data transmaission and
receiving 1s usually performed by the flip-flops 2 and 2' in
the parallel direction (left-to-right direction in FIG. 1).
Naturally, there are various internal logic circuit input and
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6

outputs that are connected to the flip-flops 2 and 2' in the
parallel direction, these not, however, being shown 1n the
drawing.

In the shift mode, it 1s possible to set an arbitrary value 1n
the serial direction (vertical direction in FIG. 1) from the
scan 1n 3, shifting by one bit at a time so as to set the
flip-flops 2 and 2' to this value. It similarly possible to
extract the values the flip-flops 2 and 2' within the LSI circuit
1 by shifting one bit at a time from the scan out 6.

Additionally, by applying a test mode signal from outside
so as to control the selector 12, 1t 1s possible to create a path
using only the I/O scan path 10 formed by connecting in
serics, only the flip-flops 2' in the vicinity of the I/O pins 3
and that bypasses the imternal scan path 11 of the other
connected flip-tlops 2.

In a board test, the main object of which 1s to verity the
connection between the LSI circuits 1, 1, by selecting this
scan path, that 1s, by selecting the I/O scan path 10, 1t 1s
possible to form a scan path of only the part that 1s related
to the connection between the LSI circuits 1, 1.

Therefore, by performing a shift operation to the scan path
10 from the scan 1n 5 to set a value and sending and
receiving data 1n the parallel direction, 1t 1s then possible to
perform a shifting operation, this time form the scan out 6
of the I/O path 10, so as to extract the result of sending and
rece1ving data, thereby enabling the execution of a board test
without controlling the non-simulated circuitry part 9 that 1s
not related to the connection between the LSI circuits 1.

The test data of the I/O scan path 10 1s thus generated by
performing a simulation with regard to only the I/O scan
path 10 of the LSI circuit 1, which 1s the device under test.

In this manner, using a board test method that employs the
I/0O scan path 10, a logic circuit verification 1s not performed

of the internal non-simulated circuitry part 9 from the I/0O
pins 3 of the LSI circuit 1.

The non-simulated circuit part 9 of the LSI circuit 1 1s
functionally tested beforehand, usmmg an LSI device tester,
the 1nternal circuitry of the LSI circuit remaining untouched
during the board test, in which a reliably verification 1is
performed as to whether the LSI circuits are connected
properly.

As described above, 1n a board test method which
employs an I/O path scan, by performing sending and
receiving of signals with respect to the outside via the I/0

pins 3 of each of the plurality of LSI circuits, a failed
network between the LSI circuits 1 1s detected.

In current high-density boards, in the case 1n which the
operation of LSI circuits 1 1s guaranteed and includes an
operating margin, failures of the LSI circuit 1 cannot occur
because of thermal history 1n production processes 1n which
the heating conditions are controlled as prescribed, the result
being that almost all failures occur as network failures such
as shorts and opens that occur during connection processes
such as soldering.

This 1s the reason that the detection ratio with respect to
connection failures between the LSI circuits 1 1s improved

by using a board test method that employs an 1/O scan path
10.

While 1n the above-noted description, 1n an LSI circuit 1
and a board test method therefor according to the first
embodiment of the present invention as shown in FIG. 1, the
connection 1s made 1n the sequence of scan 1n 5, I/O scan
path 10, internal scan path 11, and finally scan out 6, with
one selector 12 being used to perform switching between all
the scan paths and only the I/O scan path 10, there 1s no
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particular restriction 1mposed with regard to this sequence
and with regard to the number of selectors 12 that are used.

For example, a configuration in which the connection
sequence 1s scan in 3, internal scan path 11, I/O scan path 10,
and finally scan out 6 can be envisioned, as can one 1n which
the I/0 scan path 10 or internal scan path 11 does 1s not each
ogrouped together.

FIGS. 2(a), (b), and (c¢) are drawings that show examples
of a LSI circuit according to a second embodiment of the
present mnvention, these having differences 1n the scan path
sequence an number of selectors.

In the example that is shown in FIG. 2(a), the scan path
1s divided 1nto the internal scan path 11 and the I/O scan path
10, and the LSI circuit further has a selector 12, one input of
which 1s connected to the scan 1n 5 and one end of the
internal scan path 11, the other input of which i1s connected
to the other end of the mput scan path 11, and the output of
which 1s connected to one end of the I/O scan path 10,
whereby, based on a test mode signal, switching 1s per-

formed between all scan paths and only the I/O scan path 10.

It 1s obvious that, in the case of an LSI circuit with even
this mode of connection, it 1s possible to apply the board
testing method the same as 1n the case of the first embodi-
ment of the LSI circuit, and also that the same type of etfect
can be achieved as 1n the first embodiment.

In the example that is shown in FIG. 2(b), the scan path
1s divided into an I/O scan path 10 and first and second
internal scan paths 11, and the LSI circuit 1 further has a first
selector 12, one mput of which 1s connected to the scan 1n
5 and to one end of the first internal scan path 11, the other
input of which 1s connected to the other end of the first
internal scan path 11, and the output of which 1s connected
to one end of the I/O scan path 10, and a second selector 12,
one 1nput of which 1s connected to the other end of the I/O
scan path 10 and to one end of the second internal scan path
11, the other mput of which 1s connected to the other end of
the second internal scan path 11, and the output of which 1s
connected to the scan out 6.

It 1s obvious that 1n the case of an LSI circuit configured
in this manner as well, 1t 1s possible to apply the same type
of board test method as in the case of the LSI circuit 1
according to the first embodiment and also possible to obtain
the same aifect.

In the example that is shown in FIG. 2(c), the scan path
1s divided into first and second 1/O scan paths 10, and an
internal scan path 11, this LSI circuit further having a
selector 12, one 1nput of which is connected to the other end
of the first I/O scan path 10 and to one end of the internal
scan path 11, the other mput of which 1s connected to the
other end of internal scan path 11, and the output of which
1s connected to one end of the second I/O scan path 10,
wherein, based on a test mode signal, this selector 12 selects
cither all scan paths or only the first and second I/O scan
paths. With regard to the LSI circuit configured in this
manner as well, 1t 1s obvious that it 1s possible to apply the
same board testing method as in the case of the LSI circuit
according to the first embodiment, and also to obtain the
same type of effect.

The first effect of the present invention 1s that, by adopting,
the technical constitution that 1s described above, the present
invention facilitates the generation of a test pattern. The
reason for this 1s that, by configuring an I/O scan path with
only flip-flops that are 1n a region near the I/O pins, 1t 1s
possible to perform a simulation separate from the other
flip-flops and internal logic circuitry.

The second effect of the present invention is that it enables
a minimization of circuit overhead. By doing so, it 1s
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possible to minimize the delay incurred in the normal
operating mode. The reason for this 1s that, the scan path 1s
formed by selectively connecting only those flip-flops of the
originally existing flip-flops which are near I/O pins.

The third effect 1s that the present invention enables a
shortening of the test time required to perform a board test.
The reason for this 1s that the scale of the circuit under test
1s limited to the I/0 scan path, thereby reducing the amount
of the test patterns as well.

What 1s claimed 1s:

1. A large-scale integrated circuit having a structure that
has a scan path formed by a series connection of flip-flops,
said scan path being divided i1nto an I/O scan path formed by
a series connection of only tlip-tflops, each of which 1s 1n a
region near the respective I/0 pins, and an 1nternal scan path
formed by a series connection of flip-flops other than those
as afore-mentioned, and said large-scale integrated circuit
further comprising a selector that selects either all scan paths
or only said I/O scan path.

2. The circuit as claimed 1n claim 1, wherein said I/0 pins
constitute I/O pins for a single large-scale integrated circuit
chip, and

wherein said I/O scan path and said internal scan path are
contained 1n said single large-scale integrated circuit
chip.

3. A large-scale integrated circuit having a structure that
has a scan path formed by a series connection of tlip-flops,
said scan path being divided 1nto an I/O scan path formed by
a series connection of only flip-flops, each of which 1s 1n a
region near the respective 1/0 pins, and an internal scan path
formed by a series connection of flip-tlops, other than those
as afore-mentioned, and said large-scale integrated circuit
further comprising a selector, one mput of which 1s con-
nected to the other end of said I/O scan path and to one end
of said internal scan path, another input of which 1s con-
nected to another end of said internal scan path, and an
output of which 1s connected to a scan out, said selector,
based on a test mode signal, selecting either all scan paths
or only said I/O scan path.

4. The circuit as claimed in claim 3, wherein said I/O pins
constitute I/O pins for a single large-scale integrated circuit
chip, and

wherein said I/O scan path and said internal scan path are
contained 1n said single large-scale integrated circuit
chip.

5. A large-scale integrated circuit having a structure that
has a scan path formed by a series connection of flip-flops,
said scan path being divided i1nto an I/O scan path formed by
a series connection of only flip-flops, each of which 1s 1n a
region near the respective 1/0 pins, and an internal scan path
formed by a series connection of flip-tlops, other than those
as afore-mentioned, and said large-scale integrated circuit
further comprising a selector, one mput of which 1s con-
nected to a scan 1n and to one end of said internal scan path,
another input of which i1s connected to another end of said
internal scan path, and an output of which i1s connected to
one end of said 1/O scan path, said selector, based on a test
mode signal, selecting either all scan paths or only said I/0
scan path.

6. The circuit as claimed 1n claim 5, wherein said I/O pins
constitute I/O pins for a single large-scale 1ntegrated circuit
chip, and

wherein said I/O scan path and said internal scan path are

contained 1n said single large-scale integrated circuit
chip.

7. A large-scale integrated circuit having a structure that

has a scan path formed by a series connection of flip-flops,




US 6,343,365 Bl

9

said scan path being divided into an I/O scan path formed by
a series connection of only tlip-flops, each of which 1s 1n a
region near the respective I/0 pins, that are 1n a region near
an 1/0 pin, and first and second internal scan paths that are
formed by a series connection of flip-flops, other than those
as afore-mentioned, said large-scale integrated circuit fur-
ther comprising a first selector, one input of which 1is
connected to a scan 1n and to one end of said first internal
scan path, another 1nput of which 1s connected to another
end of said first internal scan path, and an output of which
1s connected to one end of said I/O scan path, and a second
selector, one mput of which 1s connected to another end of
said I/O scan path and to one end of said second internal scan
path, another mput of which 1s connected to another end of
sald second internal scan path, and an output of which 1s
connected to a scan out, said first and second selectors, based
on a test mode signal, selecting either all scan paths or only
said I/O scan path.

8. The circuit as claimed 1n claim 7, wherein said I/0 pins
constitute I/O pins for a single large-scale mtegrated circuit
chip, and

wherein said I/O scan path, and said first internal scan
path, and said second internal scan path are contained
in said single large-scale integrated circuit chip.

9. A large-scale integrated circuit having a structure that
has a scan path formed by a series connection of tlip-flops,
said scan path being divided into first and second I/O scan
paths formed by only flip-flops, each of which 1s 1n a region
near the respective I/O pins, and an internal scan path
formed by a series connection of flip-flops, other than those
as afore-mentioned, said large-scale integrated circuit fur-
ther comprising a selector, one input of which 1s connected
to another end of said first I/O scan path and to one end of
said 1nternal scan path, another mput of which 1s connected
to another end of said internal scan path, and an output of
which 1s connected to one end of said second I/O scan path,
said selector, based on a test mode signal, selecting either all
scan paths or only said I/O scan paths.

10. The circuit as claimed 1n claim 9, wherein said /O
pins constitute I/O pins for a single large-scale integrated
circuit chip, and

wherein said first I/O scan path, said second I/0O scan path,
and said internal scan path are contained in said single
large-scale integrated circuit chip.

11. A method of performing a board test of a plurality of
large-scale 1ntegrated circuits having a structure having a
scan path formed by a series connection of tlip-tlops, said
scan path being divided mto an I/O scan path formed by a
serics connection of only flip-flops, each of which 1s 1 a
region near the respective 1/0 pins, and an internal scan path
formed by a series connection of flip-flops, other than those
as atore-mentioned, whereby connection 1s made between
I/0 pins of said plurality of integrated circuits, and further
whereby a selector 1s used to select only said I/0O scan path,
test data being scanned mnto and out of said 1/O scan paths
of said plurality of integrated circuits so as to perform
sending and receiving of data between said 1/O scan paths,
thereby verifying a connection between said large-scale
integrated circuits.

12. The method as claimed 1n claim 11, wherein said I/0
pins constitute I/O pins for a single large-scale integrated
circuit chip, and

wherein said I/O scan path and said internal scan path are

contained 1n said single large-scale integrated circuit
chip.

13. A method of performing a board test of a plurality of

large-scale integrated circuits having a structure having a
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scan path formed by a series connection of tlip-flops, said
scan path being divided into an I/O scan path formed by a
serics connection of only flip-flops, each of which 1s 1 a
region near the respective 1/0 pins, and an internal scan path
formed by a series connection of flip-tlops, other than those
as afore-mentioned, whereby connection 1s made between
I/O pins of said plurality of integrated circuits and a test
mode signal 1s applied from outside, so that test data is
scanned 1nto and out of said I/O scan path of each of said
plurality of integrated circuits, so as to perform sending and
receiving of data between said I/O scan paths, thereby
verifying a connection between said plurality of large-scale
integrated circuits.

14. The method as claimed 1n claim 13, wherein said 1/0O
pins constitute I/O pins for a single large-scale integrated

circuit chip, and

wherein said I/O scan path and said internal scan path arc
contained 1n said single large-scale integrated circuit
chip.

15. Alarge-scale integrated circuit formed 1n a large-scale

integrated circuit chip, comprising:

a I/O scan path formed by a series connection of I/O scan
path flip-flops contained 1n said large-scale integrated
circuit chip;

an 1nternal scan path formed by a series connection of
internal scan path flip-flops contamned in said large-
scale mtegrated circuit chip;

I/0 pins for inputting data to and outputting data from said
large-scale integrated circuit chip, wherein said 1/0
scan path flip flops are disposed 1n a region near the
said 1/0 pins; and

a selector that selects either a combined scan path, which
comprises said I/O scan path and said internal scan
path, or only said I/O scan path.

16. The large-scale integrated circuit, as claimed 1n claim
15, wherein a first selector mnput of said selector 1s connected
to a first end of said I/O scan path and a first end of said
internal scan path,

wherein a second selector 1nput of said selector 1s con-
nected to a second end of said internal scan path,

wherein a selector output of said selector 1s connected to
a scan output terminal, and

wherein said selector selectively connects said first selec-
tor mput to said selector output and selectively con-
nects said second selector input to said selector output
based on a test mode signal.

17. The large-scale mtegrated circuit, as claimed 1n claim
15, wherein a first selector mnput of said selector 1s connected
to a first end of said internal scan path and a scan input
terminal,

wherein a second selector 1nput of said selector 1s con-
nected to a second end of said internal scan path,

wherein a selector output of said selector 1s connected to
a first end of said I/O scan path, and

wherein said selector selectively connects said first selec-
tor mput to said selector output and selectively con-
nects said second selector mnput to said selector output
based on a test mode signal.

18. A large-scale integrated circuit formed 1n a large-scale

integrated circuit chip, comprising:

a I/O scan path formed by a series connection of I/O scan
path flip-flops contained 1n said large-scale integrated
circuit chip;

a first mternal scan path formed by a series connection of
first internal scan path flip-flops contained 1n said large
scale mtegrated circuit chip;
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a second 1nternal scan path formed by a series connection
of second 1nternal scan path flip-flops contained 1n said
large-scale integrated circuit chip;

I/O pins for mputting data to and outputting data from said
large-scale integrated circuit chip, wheremn said I/0O
scan path flip flops arc disposed 1n a region near the
said I/O pins;

a first selector, wherein a first selector mput of said first
selector 1s connected to a first end of said first internal
scan path and a scan i1nput terminal, wherein a second
selector mput of said first selector 1s connected to a
second end of said first internal scan path, whereimn a
selector output of said first selector 1s connected to a
first end of said I/O scan path; and

a second selector, wherein a first selector mput of said
second selector 1s connected to a first end of said
second 1nternal scan path and a second end of said I/O
scan path, wherein a second selector mput of said
second selector 1s connected to a second end of said
second 1nternal scan path, wherein a selector output of
said second selector 1s connected to a scan output
terminal.

19. The circuit as claimed 1n claim 18, wherein said first

selector selectively connects said first selector input of said
first selector to said selector output of said first selector,

wherein said first selector selectively connects said sec-
ond selector input of said first selector to said selector
output of said first selector,

wherein said second selector selectively connects said
first selector 1nput of said second selector to said
selector output of said second selector, and

12

wheremn said second selector selectively connects said
second selector input of said second selector to said
selector output of said second selector.

20. Alarge-scale integrated Circuit formed 1n a large-scale

5 1ntegrated circuit chip, comprising:
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a first I/O scan path formed by a series connection of first
I/0O scan path flip-flops contained 1n said large-scale

integrated circuit chip;

a second I/O scan path formed by a series connection of
second I/O scan path tlip-tlops contained 1n said large-
scale mtegrated circuit chip;

an 1nternal scan path formed by a series connection of
internal scan path flip-flops contained in said large-
scale mtegrated circuit chip;

I/0 pins for inputting data to and outputting data from said
large-scale integrated circuit chip, wherein said first
and second I/O scan path flip flops are disposed in a
region near the said I/0 pims; and

a selector,

wherein a first selector mnput of said selector 1s connected
to a first end of said first I/O scan path and a first end
of said internal scan path,

wheremn a second selector 1nput of said selector 1s con-
nected to a second end of said internal scan path,

wherein a selector output of said selector 1s connected to
a first end of said second I/O path, and

wherein said selector selectively connects said first selec-
tor mput to said selector output and selectively con-
nects said second selector input to said selector output.
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